Background: Healthy animals showing extreme behaviours spontaneously that resemble 17 human psychiatric symptoms are relevant models to study the natural psychobiological 18 processes of maladapted behaviours. Healthy poor decision makers (PDMs) identified using a 19 Rat Gambling Task, co-express a combination of cognitive and reward-based characteristics 20 similar to symptoms observed in human patients with impulse-control disorders. The main 21 goals of this study were to 1) confirm the existence of PDMs and their unique behavioural 22 phenotypes in the Dark Agouti (DA) and WH, 2) to extend the behavioural profile of the PDMs 23 to probability-based decision-making and social behaviours and 3) to discuss how the key traits 24 of each strain could be relevant for biomedical research. Methods: We compared cognitive 25 abilities, natural behaviours and physiological responses in DA and WH rats using several tests. 26 We analysed the results at the strain and the individual level. Results: Previous findings in WH 27 rats were reproduced and could be generalized to DA. Each PDM of either strain displayed a 28 similar, naturally occurring, combination of behavioural traits, including possibly higher social 29 rank, but no deficits in probability-based decision-making. A Random forest analysis revealed 30 interesting discriminating traits between WH and DA. Conclusion: The reproducibility and 31 conservation of the socio-cognitive and behavioural phenotypes of GDM and PDM individuals 32 in the two genetically different strains of WH and DA support a good translational validity of 33 these phenotypes. Both DA and WH rat strains present large phenotypic variations in behaviour 34 pertinent for the study of the underlying mechanisms of poor decision making and associated 35 disorders. 36 109
Introduction 37
Inter-individual variability in behaviour is a natural phenomenon that applies to all behavioural 38 dimensions. In the laboratory, however, these phenotypic variations are often perceived as 141 The training and testing procedures have been described previously [6] . The operant cages had 142 four nose-poke holes on the operant wall. Training 1 started with the four nose-poke holes lit; 143 a single nose poke by the rat led to the delivery of one pellet, and the lights in the non-selected 144 holes were then turned off until the food magazine was visited and all holes were lit again. Daily 145 training continued until rats obtained 100 pellets in a 30 min session (cut-off criteria). During 146 Training 2, two consecutive nose pokes at the same hole were required to obtain one pellet; this 147 training continued until rats obtained 100 pellets in a 30 min session. After Training 2 and for 148 all subsequent testing phases, rats always had to make two consecutive nose pokes at the same which levers were used instead of nose-poke holes. 203 During training, the large reward was delivered immediately after the choice (0 s delay), which 204 allowed the rats to develop a preference for NP5. After a choice, the selected hole stayed lit for 205 1 s. The magazine and house lights were turned on during a 60 s time-out. A session lasted for 206 30 min or until 100 pellets were delivered. A > 70% preference for the large reward option on 207 two consecutive sessions with ≤ 15% difference was required to start the test. At least three 208 training sessions were performed. During the test, choosing NP5 induced the delivery of the 209 large reward after a fixed delay, and NP5 stayed lit for the duration of the delay. After the 210 delivery of the large reward, the magazine and the house lights were turned on for a time-out 211 (60 s minus the duration of the delay). The delay was fixed for one day, but increased by 10 s 212 from 0 s to 40 s after a stability criterion (≤ 10% variation of choice of the large reward during 213 two consecutive sessions) was met. The test sessions lasted for 60 min or until 100 pellets were 214 delivered. The preference for the large delayed reward was calculated as the mean percentage 215 of NP5 choices during the two stable sessions. Individual area under the curve (AUC) was 216 measured to estimate the cognitive impulsivity. The choices for the large delayed reward were 217 normalized to the choice for the large delayed reward during the training phase (0 s delay) and plotted against the normalized delays on the x-axis (from 0 to 1). The AUC was calculated as 219 the sum of the areas of the trapezoids formed by the individual data points and the x-axis 220 following the formula (x2-x1)[(y1+y2)/2], [34] . The total number of nose pokes during the last 221 training session was used as an index of the activity during this test. 
Complex decision making in the RGT

228
During training, choosing NP5 always delivered the large reward (probability P=100%). This 229 allowed rats to develop a preference for NP5. NP1 always delivered one pellet. The reward was 230 delivered 4 s after a choice was made in one of the nose-poke holes, and the hole stayed lit until 231 pellet collection. The reward delivery was followed by a 15 s time-out during which the 232 magazine light was on. A session lasted 25 min or until 200 pellets were delivered. A ≥ 70% 233 preference for the large reward was required to start the test. At least three training sessions 234 were performed. During the test, the delivery of the large reward was associated with a set 235 probability (P = 80%, 66%, 50%, 33%, 25%, 20%, 17%, 14%, 11%, or 9%). The probability 236 was fixed for one day and decreased every day. A session lasted 25 min or until 200 pellets 237 were delivered. For each individual, the AUC was calculated as in the DDT. The preference for 238 the large reward was normalized to the preference during training and plotted against the 239 probability values expressed as odds, with odds = (1/P)-1 and normalized (x-axis from 0 to 1) 
253
At the end of the FI, the house light turned off and the central nose-poke was lit and became 254 active; two consecutive nose-pokes induced the delivery of one pellet, the central nose-poke 255 light was turned off and the tray light was lit. A visit to the tray induced the start of the next FI.
256
After seven consecutive FI, the EXT period started, with all lights off and no consequences 257 associated with nose poking. The mean number of nose pokes was measured for each FI and 258 EXT period. We summed nose pokes for 10 s intervals during FI to visualize the anticipatory 259 activity of the rats. Likewise, we summed nose pokes for 1 min intervals during EXT to 260 visualize the perseverative activity. As described earlier [36] , the data from the first FI of the 261 session and the first FI after the first EXT were excluded because they deviated from the other 262 intervals. Table 1 ).
281
The behaviours with a median of < 5 occurrences per strain were grouped for the analysis. The The protocol was adapted from Shahar-Gold et al., [42] . The test took place in a square open 310 field (50 cm), with a small cage placed in one corner ( Supplementary Fig. 6A ). The intruder 311 animals were older WH rats with a prior habituation to the procedure. A video camera placed ( Supplementary Fig. 1A ).
392
In both strains, "fast" and "slow" GDMs could be identified ( Supplementary Fig. 1B ). In the 393 DA rats, the majority of the GDMs were the "fast" type (76%; n = 23/30), choosing significantly 394 and consistently the advantageous options at 20 min of testing. In the WH rats, only half of the 395 GDMs were the "fast" type (53%, n = 8/15). 
Motivation for reward in the RGT
398
The latency to collect a reward after making a choice in the RGT was shorter in the WH rats 399 (median 1.1 s) than in the DA rats (median 1.8 s; Fig. 1D , Wilcoxon rank sum test, W = 1151, 400 p < 0.001). This difference was not due to the different proportions of GDMs and PDMs. In 401 both strains, the PDM rats were faster than the GDM rats at collecting the reward (Fig. 1D , 402 Wilcoxon rank sum test, WH: W = 147, p = 0.004; DA: W = 181, p = 0.047). Interestingly, the 403 WH GDMs had the same latency as the DA PDMs (Fig. 1D ). poke holes currently associated with the advantageous options ( Supplementary Fig. 2 GDMs showed an inflexible pattern of choices similar to the PDM rats ( Fig. 1E ) and kept 421 choosing the hole(s) previously preferred in the RGT ( Supplementary Fig. 2 ). .3], p = 0.001).
460
Interestingly, although the preference for the high-reward option at a delay of 0 s was very 461 strong in both strains (91% in DA and 84% in WH), the performance was significantly different 462 between strains ( Fig. 1F ; Wilcoxon rank sum test with continuity correction, W = 891, p = 463 0.002). After normalizing performances to the preference at a delay of 0 s, the comparison of 464 the AUC indicated that WH rats lost the preference for the high-reward option earlier than DA 465 rats when the delay was added ( Fig. 1G ; Wilcoxon rank sum test, W = 923, p < 0.001). Within Supplementary Fig. 3A and B) . 
Cognitive risk taking in the PDT
In both strains, decreasing the probability of delivery of the most rewarding option (five pellets) 471 also decreased the preference for this option (Fig. 1H DA maintained a higher preference for the high reward with the decrease of reward probability 482 than WH ( Fig. 1I ; Wilcoxon rank sum test, W = 516, p = 0.006). In both strains, the AUCs were 483 comparable between GDMs and PDMs ( Supplementary Fig. 3C and D) . DA anticipatory activity was higher, particularly during the first 20 s of the FI (Fig. 1J ; non-487 parametric ANOVA with permutation, 1 st segment p < 0.001, 2 nd segment p = 0.004). The mean 488 number of nose pokes was higher in DA rats than in WH rats for the 1 min FI ( Fig. 1K ;
489
Wilcoxon rank sum test with continuity correction, W = 589.5, p = 0.039). DA rats nose poked 490 more than WH rats during the 5 min EXT ( Fig. 1M ; Wilcoxon rank sum test with continuity 491 correction, W = 690, p < 0.001), and this was the case during all the 1 min segments of EXT 492 ( Fig. 1L ; non-parametric ANOVA with permutation, 1 st segment p = 0.002, 2 nd segment p = 493 0.045, 3 rd segment p < 0.001, 4 th segment p = 0.001, 5 th segment p = 0.015). Within strains, DA Supplementary Fig. 5A ).
507
Considering the three most frequent behaviours, DA rats huddled more and struggled at the 508 feeder less than WH rats ( Fig. 2B ; Wilcoxon rank sum tests with continuity correction, huddle: 509 W = 984, p < 0.001; struggle at feeder: W = 313.5, p = 0.005). Strains did not differ in their 510 number of bouts of eating. The occurrences of huddle, eating and struggle at feeder were similar 511 between PDMs and GDMs in both strains ( Supplementary Fig. 5B ). 512 513
Total distance travelled in the VBS
514
Both DA and WH rats changed their activity (i.e., the distance travelled) with the light/dark 515 phase (Fig. 2C ). Both strains were more active during dark phases (Fig. 2C) . Over all days, 516 locomotion in WH rats was higher than in DA rats during both dark and light phases ( Fig. 2D GDMs ( Supplementary Fig. 5C ; Wilcoxon rank sum test, W = 60, p = 0.005). 520 521
Place preference in the VBS
522
DA rats preferred to stay in the burrow area significantly more than WH rats, both during the 523 dark phase ( Fig. 2E , top panel; Wilcoxon rank sum test, W = 105, p <0.001) and during the 524 light phase (Fig. 2E, bottom panel; Wilcoxon rank sum test, W = 371, p = 0.001). Furthermore, 525 during the light phase, WH rats were mostly present in the entry zones of the burrow area ( Fig.   526 5E). The WH GDMs preferred staying in the burrow more than the WH PDMs during the dark 527 phase ( Supplementary Fig. 5D ; Wilcoxon rank sum test, W = 195, p = 0.038) and the same 528 tendency was observed in DA rats ( Supplementary Fig. 5D ). permutation, day 2 p = 0.030) than WH rats (Fig. 2F ). There was no difference in the time spent 533 in the open area across day between DA GDMs and DA PDMs, whereas in WH the PDMs 534 tended to spend more time in the open than GDMs starting on day 3 ( Supplementary Fig. 5E ). Before being housed in the VBS (and in general), DA rats were smaller and lighter than WH 538 rats ( Supplementary Fig. 5F ; Wilcoxon rank sum test with continuity correction W = 0, p < 539 0.001). During their stay in the VBS, DA and WH rats lost the same relative weight (Fig. 2G ).
540
However, DA GDMs lost more weight than DA PDMs ( Supplementary Fig. 5G ; Wilcoxon rank 541 sum test with continuity correction, W = 35, p = 0.039).
543
Corticosterone (metabolite) levels after VBS housing 544
At baseline (before the VBS housing), the concentration of corticosterone in DA rats was lower 545 than in WH rats ( Fig. 2H ; Wilcoxon rank sum test W = 206, p < 0.001). After VBS housing, 546 the corticosterone levels in DA and WH rats were unchanged (Fig. 2H) . In both strains, corticosterone levels were not different between GDMs and PDMs, either before or after VBS 548 housing ( Supplementary Fig. 5H ). recognition memory could not be evaluated, although it is likely that both strains did have such 587 memory ( Supplementary Fig. 6A ). In both strains, the social preference ratio and short-term 588 memory ratio did not differ between GDMs and PDMs ( Supplementary Fig. 6C and D) . In both strains, GDMs and PDMs showed similar tendencies in all tests (see Table 2 for details).
615
In both strains, PDMs were faster to collect the reward than GDMs in the RGT, and all showed 616 higher cognitive inflexibility in the reversed-RGT. In the VBS, the WH PDMs were more active 617 during the dark phase, did not prefer the burrow area during the dark phase and spent more time 618 in the open area on day 4 than the WH GDMs. In the VBS, the DA PDMs drank more and lost 619 less weight than the DA GDMs (Table 2) . 620 623 We performed an RF classification with a leave-one-out cross-validation (LOOCV) to quantify 624 the efficiency of each of the previously described cognitive and social functions to distinguish 625 WH and DA strains from each other. The RF was run using the behavioural and biological 
Strain differences between DA and WH 754
Beside the inter-individual differences within strains, we found at the group level that WH rats 755 were, on average, more sensitive to reinforcement and more impulsive in the DDT, but less 756 prone to take risks in the PDT compared to DA rats. In the DDT and PDT, WH rats dismissed 757 both the delayed and uncertain option more rapidly than the DA rats in favour of the immediate 758 or certain option, although this meant that the option associated with the largest reward 759 (absolute value) was abandoned for a one-pellet option. The discounting factor (delay or 760 probability) appeared to have a stronger impact on the subjective evaluation of rewards by WH 761 rats, and WH rats had a lower tolerance to uncertain situations when rewards were involved 762 compared to DA rats. In the VBS, WH rats were more aggressive, more active Although we identified specific traits on which DA and WH strains spontaneously differed in 796 performance, using a RF classification method helped to determine which of these traits were 797 more characteristic of one strain than the other. These were the ability to wait for a reward in 798 the DDT, the motivation to collect a reward in the RGT, and the level of activity and time spent 799 in the open area of the VBS. The RF classifier was less able to accurately differentiate strains 800 based on the expression of their affiliative and maintenance behaviours, weight variation, 801 decision making or flexibility. The RF classification results were similar to those obtained after 802 a principal component analysis ( Supplementary Fig. 8A and D) .
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In other words, the most critical difference between WH and DA rats related to behavioural 
